2 thus requires additional proxy information in order to correct for the influence ofhaptophyte growth on the isotopic fractionation. In the eastern Angola Basin, we previously used 8 15N of bulk organic matter as proxy for nutrient-limited growth rates. As an alternative the Sr/Ca ratio of coccoliths has been recently suggested as growth-rate proxy which should be tested in future studies.
Introduction
From air trapped in the Vostok ice core (Antarctica) it is well known that the concentration of atmospheric carbon dioxide (C0 2 ) varied during the past 420,000 years in concert with late Quaternary climatic cycles (Petit et al. 1999) . CO 2 is one of the so-called greenhouse gases controlling the global heat budged and there is growing evidence that the increase in the atmospheric CO 2 level observed since the beginning of the 19 th century is contributing to world wide warming (e.g. Crowley 2000).
However, predictions of future changes ofEarth's climate are difficult since the relationship between atmospheric CO 2 and long-term climatic cycles is very complex and poorly understood (Stouffer et al. 1994 ).
Atmospheric CO 2 levels depend on the balance of CO 2 between the world's oceans and terrestrial ecosystems. To a first approximation, equatorial regions of the modern ocean are supersaturated in CO 2 with respect to the atmosphere while sub-polar regions approach air-sea equilibrium and polar regions are undersaturated (Feely et al. 2001 (1) define better the mechanisms by which oceanic and atmospheric levels ofCO 2 have changed over geological time scales, paleoceanic sources and sinks of carbon dioxide must be delineated. Therefore paleo-indicators (proxies) for past CO 2 concentrations in the surface oceans are required.
Empirical relationships between the carbon isotopic composition of suspended organic matter (ol3C Org ) and the concentration ofdissolved carbon dioxide ([COiaq))) in oceanic surface waters imply that ol3Corg of marine phytoplankton varies as a function of ambient [C0 2(aq)] (Degens et al. 1968; Rau et al. 1989 Rau et al. , 1992 Francois et al. 1993; Rau 1994; Fischer et al. 1997 Fischer et al. , 1998 Bentaleb et al. 1998) . Based on these observations it has been suggested that the isotopic composition of sedimentary organic carbon can be used as proxy for [C0 2(aq)] in ancient surface waters. Respective paleoceanographic reconstructions ofCO 2 used the isotopic composition of bulk sedimentary organic carbon (Arthur et al. 1985; Fontugne and Calvert 1992; Muller et al. 1994; Bentaleb et al. 1996) as well as of individual biomarker compounds such as geoporphyrins (Popp et al. 1989 ) and long-chain alkenones (e.g. Jasper et al. 1994; Andersen et al. 1999; Pagani et al. 1999) .
However, recent laboratory and field experiments as well as theoretical considerations indicate that the isotopic fractionation (E) of carbon during p photosynthesis, and consequently also the sedimentary ol3C oforganic matter, could also be influenced by physiological processes and environmental factors such as active carbon uptake (e.g. Laws et al. 1997) , direct bicarbonate utilisation (Burns and Beardall 1987; Keller and Morel 1999) , cell geometry and membrane permeability (e.g. Popp et al. 1998; Burkhardt et al. 1999) . Moreover, growth rate and the growth rate limiting resources (e.g. temperature, nutrient supply, irradiance) were recently identified as additional factors (e.g. Bidigare et al. 1997 Bidigare et al. , 1999 Riebesell et al. 2000a; Laws et al. 2001; Gervais and Riebesell 2001 ; Benthien et al. 2002) . Popp et al. (1998) demonstrated that some of the above mentioned factors can be evaded by using the isotopic composition of C 37 alkenones. This biomarker is exclusive to haptophyte algae such as the coccolithophorid Emiliania huxleyi and species ofthe genus Gephyrocapsa (Volkman et al.
1989
; Volkman et al. 1995; Conte et al. 1995) , which both have a limited range in cell size and geometry. Assuming that alkenone-producing algae assimilate CO 2 mainly by passive diffusion, the relation between E p and [C0 2 (aq)] can be expressed as follows (Jasper et al. 1994) :
where E f is the enzymatic fractionation during carbon fixation and b is an arbitrary, empirically derived parameter accounting for all physiological factors influencing the carbon isotope discrimination (e.g. Rau et al. 1996) .
Some laboratory and field studies have focused on the isotopic fractionation in alkenone producing algae and the ol3C signal of C 37 aikenones (e.g. Bidigare et al. 1997; 1999; Popp et al. 1999 ; Riebesell et al. 2000b; Gonzales et al. 2001; Benthien et al. 2002) . The results of these studies indicate that the fractionation of the C37:2 alkenone depends not solely on ambient [C0 2(aq)] but on a variety of factors (for a recent review see Laws et al. 2001) . Bidigare et al. (1997) . Probably these discrepancies are an effect of differences in the phytoplankton culture conditions (for a detailed discussion about the influence of culture experiment design see Laws et al. 2001) .
In the present paper, we summarize isotopic results obtained from aikenones in the South Atlantic within the scope of the Collaborative Research Project 261 (Andersen et al. 1999; Benthien et al. 2002, and unpubl. data) . In order to establish relationships between E and environmental conditions p
